Objective. Previous studies have found that breastfeeding may protect infants against future overweight. One proposed mechanism is that breastfeeding, compared with bottle-feeding, may promote maternal feeding styles that are less controlling and more responsive to infant cues of hunger and satiety, thereby allowing infants greater self-regulation of energy intake. The objective of this study was to examine whether preponderance of breastfeeding in the first 6 months of life and breastfeeding duration are associated with less maternal restrictive behavior and less pressure to eat.
S
everal recent studies suggest a protective effect of breastfeeding versus bottle-feeding of infants on future overweight. [1] [2] [3] [4] [5] [6] [7] Despite differences in methods, the studies are consistent in demonstrating a reduced risk of overweight among children and adolescents who were breastfed as infants. Findings from 3 of the studies also indicate that increased duration of breastfeeding predicts lower rates of child and adolescent overweight. 1, 5, 7 One proposed mechanism by which breastfeeding may protect against overweight is behavioral. Infants naturally regulate their energy intake, but their parents' behavior can override cues for hunger and satiety. During infancy, it is possible that mothers who breastfeed, compared with parents who bottle-feed, may be more responsive to their infants' signals in terms of frequency and volume of feedings. 8 In this way, the mothers of breastfeeding infants may develop feeding styles that are less controlling, thereby allowing their infants to learn to self-regulate their energy intake and respond to internal appetite cues.
Several studies have examined the role of parental control over children's eating habits in the development of childhood overweight. Using findings from cross-sectional studies, Birch et al 9, 10 reported that highly controlling feeding practices by parents were directly associated with poorer self-regulation of energy intake among children 3 to 5 years of age. Increased adiposity was also noted among the girls but not the boys. Increased parental feeding restriction has also been found to be associated with increased child eating and weight status. [11] [12] [13] [14] Experimental studies have shown that restricting children's access to preferred foods increases the probability that children will consume those foods when given free access. 11, 12 In addition, parental feeding restrictions on girls can promote overeating, 14 snack food consumption, 13 and negative feelings about eating. 13 In some studies, mothers' pressure on their children to eat in the absence of hunger has been associated with disinhibited eating, 15 increased child energy intake, and body weight. 16, 17 Three other studies, however, have failed to find an association between parental feeding behaviors and child weight status. [18] [19] [20] Additional studies with larger sample sizes and broad categories of covariates are needed to examine the role of parental control over children's eating habits.
Limited epidemiologic evidence exists regarding the relationship between breastfeeding and maternal control of infant feeding. Fisher et al 21 proposed that breastfeeding may promote parenting feeding styles that are more responsive to infant cues of hunger and satiety. In a longitudinal study of 55 infants and their mothers, Fisher et al 21 found that mothers who breastfed their infants for at least 12 months used lower levels of control when feeding their infants at 18 months of age. That study was limited, however, by a small sample size. 21 The purpose of the present study was to examine whether type of infant feeding in the first 6 months of life and breastfeeding duration were associated with maternal control of infant feeding. We hypothesized that mothers who fed their infants breast milk in early infancy or who breastfed for longer periods would be less likely to report restricting their children's food intake and to pressure their children to eat more.
METHODS

Subjects/Study Design
The subjects for this study were participants in Project Viva, a prospective observational cohort study of gestational diet, pregnancy outcomes, and offspring health. 22 We recruited women who were attending their initial prenatal visit at 8 urban and suburban obstetric offices of a multispecialty group practice in eastern Massachusetts. Eligibility criteria included fluency in English, gestational age Ͻ22 weeks at the initial prenatal clinical appointment, and singleton pregnancy. Details of recruitment and retention procedures are available elsewhere. 22 Of the 2128 women who delivered a live infant, 268 mothers disenrolled from the study, and we excluded 45 infants whose gestational age at birth was Ͻ34 weeks. At the time of analysis, 1399 subjects had reached the 1-year time point. We excluded mothers who did not return their 1-year survey within the required time period (N ϭ 155) as well as mothers who completed a shortened telephone version of the 1-year survey, which did not include questions measuring our outcomes of interest (N ϭ 46). Of the remaining 1198 mothers with available 1-year survey data, we excluded 31 mothers who were missing data on the main outcome measure (restriction and pressure to eat) and 7 mothers who were missing data on either breastfeeding duration or race/ethnicity. Thus, our sample size for analysis was 1160 mother-infant pairs with complete 1-year survey information.
After obtaining informed consent, we collected demographic and health history information via interviews and self-administered questionnaires. The mothers completed their interviews and self-administered questionnaires during their first trimester of pregnancy, during mid-pregnancy (26 -28 weeks' gestation), and 6 months postpartum; the mothers also followed up with a selfadministered questionnaire at 1 year postpartum. Institutional review boards of participating institutions approved the study. All procedures were in accordance with the ethical standards for human experimentation established by the Declaration of Helsinki.
Measurements
Main Exposure
Our 2 exposures of interest were (1) type of infant feeding in the first 6 months of life and (2) duration of breastfeeding. At 6 months postpartum, we grouped women into 4 categories on the basis of their extent of breastfeeding or formula feeding. We defined exclusive breastfeeders as feeding only breast milk since birth. Mixed breastfeeding included mothers who fed their infants formula in addition to breast milk. Weaned was defined as having initiated breastfeeding but having discontinued it completely before 6 months of age. Formula feeders were mothers who had fed their infants formula only since birth. To address breastfeeding duration at 1 year postpartum, we asked women whether they had ever breastfed. Of those who reported that they had breastfed their infants for any length of time, we asked the following: "How old was your child when you stopped breastfeeding?" Response options included months, weeks, and days. We converted all responses to days for statistical analyses and reported the results in months.
Outcome Measures
The main outcome measures were the mothers' reports of (1) restricting their children's food intake and (2) pressuring their children to eat more food. We measured both items by a modified Child Feeding Questionnaire (CFQ) at 1 year postpartum. The CFQ is a self-report measure to assess parental beliefs, attitudes, and practices regarding child feeding and has been validated among parents of children ages 2 to 11 years. 23 We made appropriate modifications to the CFQ for parents of children 1 year of age. We used confirmatory factor analysis to test a 2-factor hypothetical structure of parental control attitudes and practices in child feeding, including the use of restriction and pressuring children to eat more. Factor analysis confirmed 2 factors: restriction (1 item) and pressure to eat (5 items; Table 1 ).
Restriction was measured by 1 question: "I have to be careful not to feed my child too much." Response categories were dichotomized to strongly agree/agree versus strongly disagree/disagree for statistical analyses. We derived a continuous pressure to eat score from 5 questions of the modified CFQ. All items were measured using 4-point Likert-type scales ranging from strongly agree to strongly disagree. Items were composited using confirmatory factor analysis and expressed as a score ranging from 0 to 20, with high scores indicating a higher level of maternal pressure on her child to eat. Internal reliability of the 5 items, measured by standardized Cronbach ␣, was acceptable (␣ ϭ .90). Item-to-total correlations ranged from .5 to .8.
Mothers' Preexisting Concerns With Infant Eating and Weight
In the midpregnancy questionnaire, at a mean age of 27 weeks' gestation, we asked 4 questions related to the mothers' concerns about their children's future eating and weight status. Because maternal control of infant feeding at 12 months of age could be merely a reflection of preexisting maternal attitudes, we wanted to measure and control for these factors. Consequently, we asked the
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BREASTFEEDING AND MATERNAL CONTROL OF INFANT FEEDING by guest on July 20, 2017 Downloaded from mothers the following: "Thinking ahead to when your infant is 6 months old, how concerned will you be that your infant is (1) not eating enough and (2) eating too much." We then measured the responses using 4-point Likert-type scales ranging from "very concerned" to "no need to be concerned." We also asked mothers, "Are you worried that your infant will become overweight as he/she is growing up?" and, "Are you worried that your infant will become underweight as he/she is growing up?" Each item was measured as a dichotomous response (ie, yes or no).
Other Measures
During the first trimester of pregnancy, the women reported their age, racial/ethnic background, education, household income, gravidity, height, and prepregnancy weight. The women's prepregnancy body mass index (BMI) was computed using the following formula: BMI ϭ weight/height 2 (kg/m 2 ). We obtained the infants' birth weights from medical records. When the infants were 6 months of age, we measured their length and weight during their primary care visits. We calculated weight-for-length percentiles at 6 months on the basis of growth charts developed by the Centers for Disease Control and Prevention. 24 The weight-forlength percentile at 6 months was available for 891 (77%) infants.
Statistical Analysis
We first examined the bivariate relationships of type of infant feeding, breastfeeding duration, and other covariates with the 2 main outcomes: (1) the mothers' reports of restricting their children's food intake and (2) the mothers' reports of pressuring their children to eat more food. We then used multiple logistic regression models to assess the independent effects of infant feeding type and breastfeeding duration on mothers' restricting their children's food intake, adjusted for potential confounders. We initially performed all analyses separately by gender; however, because the results were similar, we combined the regression analyses and adjusted for gender. Multivariate model 1 was adjusted only for gender (N ϭ 1160). Multivariate model 2 added demographic, social, economic, and anthropometric predictors of breastfeeding (maternal education, age, race/ethnicity, gravidity, prepregnancy BMI, household income, and enrollment center), as well as mothers' preexisting concerns with their children's future eating and weight status (N ϭ 1031). In a subset for which we had data (N ϭ 805), we examined the confounding effects of infants' birth weight and 6-month weight-for-length percentiles (model 3). We reported odds ratios (ORs) and 95% confidence intervals (CIs) for the main predictor.
Using the same model-building strategy as for the restriction outcome, we used multiple linear regression to examine the effects of infant feeding type and breastfeeding duration on the mothers' pressure to eat scores. We reported regression estimates (␤) and 95% CIs for the main predictor.
Finally, using interaction terms in the multivariate models, we examined whether mothers' gravidity and preexisting concerns with their children's future eating and weight status modified the effects of breastfeeding on the main outcomes. We conducted all analyses using SAS, version 8.0 (Cary, NC).
RESULTS
Study Population
The study group was 76% white, 11% black, 6% Hispanic, 4% Asian, and 3% multiracial or other, with a mean (SD) age of 32.4 (4.8) years at enrollment. Thirty-two percent of the mothers had no previous pregnancies. Reflecting a generally employed and insured population, 73% of the mothers had a college degree, and ϳ64% had a total household income Ͼ$70 000. The mothers' mean (SD) prepregnancy BMI was 24.5 (5.0) kg/m 2 ; the mean reported duration of breastfeeding was 6.3 (4.5) months. At 6 months postpartum, 24% of the mothers were exclusively breastfeeding, 25% were mixed feeding, 41% had weaned, and 10% were formula feeding.
The mean birth weights (SD) for male and female infants were 3623 (536) grams and 3451 (470) g, respectively, corresponding to the 62nd and 52nd percentiles of birth weight-for-gestational age, respectively. 24 At 6 months, weight-for-length percentiles were 73rd for male infants and 68th for female infants.
Mothers' Preexisting Concerns and Breastfeeding Duration
We did not find that mothers' preexisting concerns with their children's becoming underweight or overweight were associated with breastfeeding duration (data not shown). Preexisting concerns about underand overeating among infants were associated with breastfeeding duration but both in the same direction-that is, more concern with shorter breastfeeding duration.
Restriction
In bivariate analyses, mothers who had fed their infants breast milk in the first 6 months of life or who had breastfed their infants for any length of time were more likely than formula-feeding mothers to disagree with the following statement at 1 year of age: "I have to be careful not to feed my child too much" (Table 2 ). In addition, mean breastfeeding duration was shorter among mothers who agreed with the restriction statement. Women who were younger or who were multigravida were more likely to report restricting their children's food intake at 1 year of age (Table 2) . Likewise, women who had a higher prepregnancy BMI, lower household income, or lower educational attainment were more likely to restrict their children's food intake at 1 year of age (Table 2) . White mothers (9%) were less likely to restrict their children's food intake at 1 year of age than were black (29%), Hispanic (23%), and Asian (24%) mothers.
As shown in Fig 1, the odds of mothers' restricting their children's food intake decreased monotonically with increasing category of breastfeeding duration. of the baby food in the jar I have to be sure that my child finishes all of the food on the plate * All items were measured using 4-point Likert-type scales ranging from strongly agree to strongly disagree. † Items were composed using confirmatory factor analysis and expressed as a score ranging from 0 to 20, with high scores indicating a higher level of maternal pressure on the child to eat more food. Internal reliability of the 5 items, measured by standardized Cronbach ␣, was acceptable (␣ ϭ .90). Item-to-total correlations ranged from .5 to .8.
In logistic regression analyses, the longer that the mothers breastfed their infants, the less likely the mothers were to restrict their children's food intake at age 1 year (Table 3) . For each 1-month increment in breastfeeding duration, the reduction in odds was ϳ10%. Adjusting for infant gender; mothers' sociodemographic, economic, and anthropometric predictors of breastfeeding continuation; and mothers' preexisting concerns about their children's future eating and weight status did not materially change the association between breastfeeding duration and mothers' restricting their children's food intake. Similarly, adjusting for an infant's birth weight and his or her 6-month weight-for-length percentile in the subgroup analysis did not materially change the estimate. We found that a significant interaction existed only between mothers' gravidity and maternal restriction of their children's food intake. The association between breastfeeding and maternal feeding restriction was slightly stronger among mothers with no previous pregnancies (OR: 0.85; 95% CI: 0.73-1.01) than among multigravidas (OR: 0.89; 95% CI: 0.83-0.96).
In multivariate models, we also found that compared with formula-feeding mothers, mothers who fed their infants breast milk only in the first 6 months of life had lower odds of restricting their children's food intake at 1 year, even after adjusting for all potential confounders (Table 4) .
Pressure to Eat
The mean (SD) pressure to eat score was 5.3 (3.7), and the range was 0 to 20. In bivariate analyses, neither type of infant feeding or breastfeeding duration was associated with maternal pressure on a child to eat more food (data not shown). Likewise, in the multivariate models, after adjusting for all groups of confounders, mothers' pressuring their children to eat more was not associated with either breastfeeding duration (Table 3) or infant feeding type in the first 6 months of life (Table 4) .
DISCUSSION
In this study, we found that mothers who fed their infants breast milk in the first 6 months of life or who breastfed them for longer periods had decreased odds of restricting their children's food intake at 1 year. After adjusting for mothers' preexisting concerns about their children's future eating and weight status as well as mothers' and infants' sociodemographic, economic, and anthropometric predictors of breastfeeding duration, the estimated reduction in maternal feeding restriction was ϳ10% for each 1-month increment in breastfeeding duration. We found no association between breastfeeding and maternal pressure on a child's food intake.
Previous studies have found that having been breastfed may protect against child and adolescent overweight. [1] [2] [3] [4] [5] [6] [7] Several mechanisms have been proposed for this protective effect, including that breastfeeding may promote a balance of control in feeding across mother-infant pairs. 9,25 Experimental 9,10 and observational 16 studies suggest a role for maternal child feeding practices in shaping how much children eat and the extent to which children are responsive to internal appetite cues to control their food intake. In a cross-sectional study of 3-to 5-year-old children, Johnson et al 10 found that parents who reported using a high degree of control over what and how much their children ate had children who showed relatively little evidence of energy regulation. Similarly, among children who varied in age from 12 to 30 months, Klesges et al 16 found positive correlations between the children's relative weight and parental encouragement to eat.
In a recent systematic review of parental feeding styles and later child eating/weight status, Faith et al 26 found that increased parental feeding restriction Data from multivariate analyses of 1160 mother-infant pairs who participated in Project Viva. * Predictors include maternal education, age, race/ethnicity, gravidity, prepregnancy BMI, household income, and enrollment center. † Preexisting concerns include mother concerned that child will become overweight/underweight and mother concerned that at 6 months the child will not eat enough/will eat too much. Data from multivariate analyses of 1160 mother-infant pairs who participated in Project Viva. * Estimates adjusted for maternal education, age, race/ethnicity, gravidity, prepregnancy BMI, household income, and enrollment center; mother's preexisting concerns that child would become overweight/underweight; mother's preexisting concerns that at 6 mo the child will not eat enough/will eat too much; and infant's gender, birth weight, and 6-mo weight-for-length percentile.
but not other feeding domains was associated with later increased eating and weight status among children. In our study, we found that breastfeeding duration was associated with less maternal restriction but not with pressure to eat. Thus, 1 underlying pathway by which breastfeeding may be related to child and adolescent overweight is through its influence on maternal feeding restriction.
Only a few studies have addressed how breastfeeding may affect maternal control of infant feeding. Evidence suggests that infants are able to adjust the volume of milk consumed to maintain a constant energy intake. 8 Fomon et al 8 suggested that because breastfeeding mothers are less able than bottle-feeding mothers to monitor how much milk their infants consume, the quantity of milk consumed is primarily under the infants' control. Thus, breastfeeding may promote maternal feeding styles that are less controlling. 8 It is also likely that feeding duration and intake in bottle-fed infants may be influenced by visual cues. Parents who bottle-feed their infants may be more responsive to visible milk remaining in the bottle and, consequently, more likely to have their infants finish the bottle even when satiated. This hypothesis is supported by 1 study that found that breastfed infants at 6 to 9 months consumed less nonmilk food offered to them than did bottle-fed infants. 27 In the only longitudinal study that has examined the relationship between breastfeeding and maternal feeding control, Fisher et al 21 found that mothers who breastfed their infants for at least 12 months used lower levels of control in feeding, including less restriction and pressure to eat, than mothers who did not breastfeed their infants for at least 12 months. That study, conducted among 55 white infants and their mothers who were followed longitudinally between the ages of 12 or 13 months to 18 months, suggested that breastfeeding may promote parenting feeding styles that are more responsive to infant cues of hunger and satiety and, thus, promote shared mother-infant regulation of food intake. 21 Although they studied maternal control in feeding, Fisher et al did not separate out the association of breastfeeding with restriction versus pressure to eat, as in the current study.
Our study has several strengths, including a larger sample size and a population with more racial/ethnic diversity than the one previous study that examined the relationship between breastfeeding and maternal control of infant feeding. 21 We were also able to examine multiple confounders, including a wide range of preexisting maternal concerns with infants' future eating and weight status. Because the information on preexisting concerns regarding child future eating and weight status was collected before the infants were born, our data were not influenced by the mothers' experiences with feeding their infants or by the sizes of the mothers' infants.
In our analyses, we found that mothers' preexisting concerns regarding their children's future eating and weight status did not confound the relationship between breastfeeding and maternal feeding restriction. Thus, it is more likely that mothers learn their infant-feeding control behaviors from their infants' cues rather than have predetermined attitudes and behaviors.
When interpreting our study, several limitations should be considered. First, although mothers in the study had diverse racial/ethnic backgrounds, their educational and income levels were relatively high. Our results may not be generalizable to more socioeconomically disadvantaged populations. In any observational study, it is possible that unmeasured characteristics might explain the observed associations between exposure and outcome. Finally, we asked only mothers who had returned to work or school whether they were using a breast pump. Therefore, we were unable to examine the differences in maternal control of infant feeding between mothers who were exclusively breastfeeding and those who were bottle-feeding expressed breast milk.
Implications
The results of our study suggest that 1 way in which breastfeeding may be protective of child and adolescent overweight is through its association with maternal feeding restriction. Additional longitudinal studies should examine the extent to which any protective effect of breastfeeding on overweight is explained by decreased maternal feeding restriction. If other studies confirm this association, then these findings may lead to new approaches for counseling both breastfeeding and bottle-feeding mothers. Encouraging mothers to initiate and continue breastfeeding, as well as teaching bottle-feeding parents strategies to promote infant self-regulation of energy intake, may decrease children's risk of later overweight.
